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Overview
Proposals
Z-pinch nuclear fusion concepts are being considered as a viable alternative
for space propulsion. There are many issues and limitations, particularly
materials selection issues that must be addressed. This presentation
addresses the various components of the Z-pinch system and the material
parameters and environmental conditions experienced, as well as propose
several methods that can possibly satisfy the design and material parameters.
In particular, this report examines the issue of electrode degradation in the ZPinch system and proposes a more comprehensive, continuum-atomistic
computational model to better understand the physical phenomena and their
impact on the degradation process. The report also addresses concerns
regarding wire ablation in the Z-Pinch reaction, and proposes building upon the
success of the coiled wire array by running additional tests to find a correlation
between wire geometry and ablation plasma behavior. In the various
configurations of the Z-pinch system, several common factors must be
addressed regarding materials selection issues. The purpose of this report is to
review some of the materials selection concerns for different components of
the Z-pinch systems, as well as methods of addressing them. Finally,
recommendations will be provided when necessary.

Z-pinch system
The Z-pinch (Zeta pinch) reactor system utilizes the Lorentz force as the main
driver for fusion. The Lorentz force is described by equation 1:

F = q(E+v x B)

(1)
In effect, equation 1 states that a particle with charge q, traveling through both
an electric field E and a magnetic field B at velocity v, will experience a force F
which is orthogonal to the velocity vector of the particle and the magnetic field
direction. The Z-pinch system uses the Lorentz force by driving a current
through a plasma in a magnetic field; under those conditions, the plasma can
be modeled similarly to a series of wires. The Lorentz force is applied to each
charge traveling through the “wire”, which results in a macroscopic force
imposed on the wire. Figure 1 shows a simplified diagram of the Lorentz force
acting on a wire. Careful configuration of the magnetic field can cause a net
macroscopic inwards force, causing the compression and subsequent fusion
ignition of the plasma. Figure 2 shows a diagram of how the Lorentz force can
be used in a z-pinch device to create fusion conditions.

COMPUTATIONAL MODELING - One of the major factors that contribute to
electrode degradation is resistive, or ohmic, heating, where the passage of current
through a medium generates a temperature gradient. Not only does ohmic heating
become a serious issue for electrode degradation in high-current environments, but
it also impacts the load performance of electrodes, which can reduce their
effectiveness in creating and sustaining a Z-pinch reaction.
To accurately model this, however, can require a quantum mechanical approach,
which can be problematic for a continuum-based modeling of the electron
degradation behavior. A “continuum-atomistic” method was proposed in 2005 where
molecular dynamics models could incorporate a joule heating modeling system that
involved quantum mechanical calculations1. With this approach, an accurate model
of the impact of joule heating at the molecular level in electrodes can potentially be
obtained.
WIRE GEOMETRY - Hall et al have proposed alternative wire ablation designs that
involve a helical wire structure; with this form, the wire arrays achieve a very uniform
ablation profile as the wires are turned into plasma. Instabilities in the implosion
interface, which can significantly affect the Z-pinch’s ability to sustain a fusion
reaction, are prevented from accumulating along the length of the coiled wire
arrays2. This change in the fabrication of wire arrays has effectively resulted in
controlling the initial ablated plasma flow.
Modeling the ablative plasma flow for multiple helical structures, as well as coiled
arrays of various geometric configurations, should be pursued as a way to better
understand the initial conditions of the ablation plasma formation. By establishing a
correlation between plasma flow behavior and wire array geometry, optimization of
the wire array patterns can be performed which can greatly enhance the
performance of the Z-Pinch reaction process.

Figure 2 – Z-Pinch fusion concept. A circular magnetic field B is applied on a
series of wires carrying a current I. The resulting Lorentz force F is a net
inward force, which sets the conditions for a fusion reaction.
Figure 1 – Lorentz force (F) as a manifestation of a current (I) passing through
a wire under the influence of a magnetic field (B). Note that B is traveling
through the plane towards the reader.

Impact
Z-Pinch provides an attractive solution for a pulse-powered fusion spacecraft system. By addressing the issues
of wire configuration and electrode heat modeling, among the other issues that must be addressed, we will be
closer to achieving this goal. Providing a new, feasible propulsion system will clearly support AAS’s vision for
space exploration and advancement.
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